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2 . 1 INTRODUCTION 
2 . 1 . 1 
During lunar day the Lunar Surface Magnetometer is exposed 
to high levels of solar, lunar and albedo fluxes . The 
lunar surface temperature reaches a maximum of approximately 
125°C and, because it is an adiabatic surface , reradiates 
in the infrared the same level of radiant flux it absorbs 
from sunlight {~~O, BTU/HR-F~) . This lunar radiation 
has a spectral maximum at about seven microns , which is a 
region of high absorptance for most white (Iowa/e) thermal 
control coatings. Thus, although passive white coatings 
could be used to provide isolation from solar radiation, 
they strongly absorb lunar radiation and thus were unsuit-
able for direct use as radiator surfaces . It was concluded 
that a geometric radiator array capable of radiating 'heat 
to space while rejecting incoming lunar radiation repre-
sented an optimum configuration for the thermal subsystem 
design for the LSM electronics package . Since similar 
concepts were incorporated in the thermal design of ALSEP 
Central Station and Solar Wind Experiment and the analyses 
and tests performed on these systems substantiated this 
conclusion the decision was made to implement a Parabolic 
Radiator Array (PRA) on the LSM Electronics package . 
Electronics Subassembly 
The Parabolic Radiator Array (PRA) consists of vertical low-
emittance parabolic reflectors in conjunction with horizontal 
high-emittance radiating fins . Radiation emanating from 
the lunar surface is reflected away by the parabolic array 
, while internally generated heat' is dissipated to space . 
Impingement of direct solar r adiation on the horizontal 
radiators is eliminated by aligning the PRA in the plane of 
t he ecliptic and using a small sol ar shield for shading. 
The concept of utilizing parabolic reflectors with radiating 
I-
fins (suggested in reference 1 in 1964) most nearly fulfills 
the requirements for a lunar heat rejection system. A 
sketch of the reflector configuration chosen is shown in 
Figure 2-1 and a sketch of the entire electronics thermal 
subsystem is shown in Figure 2-2. 
The optical properties of parabolic .reflector arrays were 
parametrically studied in an effort to optimize the design 
used in the LSM thermal control system. The effects of 
geometry an~ surface properties ~~ the effectiveness of 
the PRA were evaluated by laboratory optical bench tests 
and thermal-vacuum tests. 
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(FLAT) 
Figure 2-1. Side View of Parabolic Reflector 
Reference 1. "Radiator Design for Space 
-Vehicles tr , publication #ME-AP 0069, Airesearch 
Manufacturing Company, Los Angeles, California, 
Subject of U. S. Patent ~285333. 
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Figure 2-20 Thermal Control System for LSM Electronics 
The optical bench tests verified that fabrication techniques 
developed were of sufficient accuracy to minimize energy re-
flected by the parabolic surfaces from impinging on the 
radiator surface. Also to be verified was the method of 
cleaning and repairing the parabolic surfaces once 
contaminated. To these ends, the test configuration depicted 
in Figure 2-3 was set-up. A narrow beam of collimated light 
was used to scan the parabolic reflector at various incidence 
angles while a solar cell monitored the energy reflected at 
, 
the position of the radiator fin. Results of the tests are 
presented in Figure 2-3 and show that 97 percent of the 
energy entering at or from below the plane of the parabola 
directrix is focused at the focal line located 0.1 inch in 
front of the radiator fin. 
TYPICAL READOUT CIRCUIT 
FOR SOLAR CELLS 
~8=O . (PARALLEL TO . . . :RINCIPAL AXIS) 8=45 .' DIAMETER OF 
COLLIMATED LIGHT 
BEAM IV I INCH 
NOTE: PLANE OF PRINCIPAL 
AXIS OFFSET 5° FROM 
HORIZONTAL 
Figure 2-3. Test Configuration for Optical Bench Tests 
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The thermal development tests were performed to determine 
the effective conductivity of the insulation blankets used 
in the construction of the thermal subsystem. Insulation 
blankets were used to thermally isolate the LSM package 
from its surrounds so that the PEAs were the controlling 
mode of heat transfer between the LSM and its lunar environ-
ments . Multilayer insulation consisting of 40 alternate 
layers of 1/4-mil thick aluminized MYlar and 3-mil thick 
dexiglass was used as the main insulation blanket . Because 
of the many penetrations through the top of the electronics 
box, glass heat felt -- a more isotropic material -- was 
used as the insulation material. All external surfaces of 
the insulation subassemblies were covered with thin fiber -
glass, painted with S-13G white thermal control coating. 
Sensor Subassembly 
The sensor temperature is thermostatically controlled both 
during lunar day and lunar night . Each of the three 
sensors is equipped with a one watt heater , a horizontal 
thermal control surface, and an insulation enclosure . The 
horizontal control surface is painted white to reduceu the 
absorbed solar heat flux . For a solar absorptance of 
0 . 20 (S13G white paint) , the thermal control surface will 
reach a maximum lunar day temperature of -10°C and for set 
point temperature of 40°C, heater power is reqlired even 
at lunar noon . The thermal conductance between the control 
surface a.nd the sensor and the insulation around the 
sensor housing are designed to minimize the heater power 
required to maintain the sensor temperature at the set point 
during lunar night 0 
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The temperature and the demand for heater power of the 
three sensors can be controlled from a thermistor located 
on either the X or the Y sensor . For the baseline thermal 
design the temperature of the three sensors can be main-
tained between 35°C to 45°C. For an effective solar 
absorptance of greater than 6: 4 ~tcond:ttJQ~ __ with_~Cl1l:§j;l __ the 
thermal control surface is at a temperature greater than 
the set point of the thermostatic controller and the temper -
ature of the sensor is no longer maintaned constant . 
Bendix Thermal-Vacuum Tests 
The Lunar Surface Magnetometer thermal subsystem design was 
tested during five separate thermal-vacuum tests at Bendix 
Aerospace Corporation, Ann Arbor as part of tre ALSEP test 
cycle . A photograph of LSM during test in the Bendix 
chamber is shown in Figure 2-4 . Solar heating of the LSM 
sensor heads is simulated by tungsten/quartz lamps sus-
pended over each individual head . The el ectronic package 
is exposed to a two lamp array drrectly overhead . 
The intensity of the lamps is maintained such that the LSM 
absorbs the same level of lamp radiation as it would solar 
radiation while on the lunar surface . This intensity of 
radiation assumes the LSM is in an undegraded condition . 
That is, the solar absorptance of the sensors and the 
electronic package is that of the S-13G thermal control 
coating in a clean condition . All of ALSEP is tested under 
this assumptiono \ 
Bendix Thermal- Vacuum Te st 
Figure 2-4 
I 
. 
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The simulated lunar ~lane upon which the LSM rests during 
the Bendix tests is heated and cooled over the tem~erature 
range o:f +120°C to ~120°C to simulate noon and night 
conditions res~ectively. The chamber walls above the ~lane 
are cooled with liquid nitrogen ( -196°c) to simulate the 
heat sln~L 'characteristics o:f s~ce . 
~
The results o:f the :five LSM thermal-vacuum tests ~er:formed 
at Bendix are shown in Table I . LSM-l did not incor~orate 
sensor heaters during lunar night and thus did not maintain 
the relatively constant sensor tem~erature o:f the other 
units . The results of the tests for LSM-2, 3 and 4 indicated 
a noon tem~erature of 48° ± 4°c and a night temperature of 
-25° ± 5°C could be ex~ected . The sensor temperatures were 
37° ± 5°C throughout day and night . 
The relatively close agreement between LSM-2, 3 and 4 gave 
confidence as to the re~eatability of construction of the 
thermal subsystem. The tem~erature excursion of the 
electronics a~~eared well within the o~erating range of 
. _3()O to + 65°C. 
I l Table I - Bendix Thermal-Vacuum Tests 
ELECTRONICS SENSORS 
LSM-I Noon: 53°C IOO± 6°c 
Thermal-Vacuum Night: -15°C -35°±IO°C 
LSM-2 Noon: 48°c 4oo± 5°C 
Qual Test Night: -21oC 4o o± 5°C 
LSM-2 Noon: 52°C 35°± 5°C 
Mission Simulation Night: -26°c 35°±' 5°C 
LSM-3 Noon: 45°C 37°± 5°C 
Flight I Test Night: -28°c '3c± 5°C 
LSM-4 Noon: 48°c 35°±, 5°C 
Flight Test Night: _20°C 35°± 5°C 
j-
2.2 CAUSES OF ANOMALOUS THERMAL PERFOillffiNCE 
The present thermal design of the LSM is sensitive to the 
presence of dust on critical thermal co~trol surf~ces . The ______ _ 
contamination of LSM by lunar dust is apparent in the 
photographs returned from the Apollo l2 mission. Figure 2-T ----
shows that the LSM has a considerable amount of dust on the 
sides and top of the electronics box after deployment . 
However, a white area, indicating relative freedom from 
dust, is apparent on the top of the box. behind the handle. 
This area is covered by a mask which covers the Parabolic 
Radiator Arrays and its removal is one of the final stages 
of deployment of the L8M. The lack of dust in this area 
indicates that the dust contamination occurred before the 
final stages of deployment and possibly in transit from 
the LEM. The lack of dust' in the area covered by the PRA-
- ----- ----- --------- -
mask also indicates that the radiators themselves are 
likely to be free of dust . 
An analytical thermal model was derived in order to correlate 
the temperature data of the L8M presently operating op the 
lunar surface and also to predict temperature performance 
of future LSMs for which design modifications are presently 
in progress. A five-node analytical model was developed 
and correlates within ±2°C between ~unar data and preflight 
test data. 
1 
Apollo 12 ALSEP Lunar Operations - A 
Fig. 2-5 
I 
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Apollo 12 ALSEP Lunar Operations -B 
Fig. 2- 6 
Apollo 12 LSM on Lunar Surface 
F i g . 2-7 
2.2.1 
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Discussion of Analyses 
During the first lunar day LSM experienced maximum 
temperatures of 77°C on the X axis sensor and 75°C on the 
electronics. In order to correlate temperature data 
experienced on the lunar surface with preflight test data 
a five-node analytical thermal model was derived . The 
model and associated network "are shown~ Fi~~e_~2_-_8_. ___ _ ___ _ 
The temperature data for the ere~rOnlcs box for the 
perfc)d- --OI'NOv-ember 24 through December 4 can be fit t9 _ __ _ 
~ curve re.presEmt~d.EY ihe-follow~ng equation: 
where cr 
Aarf: /S - B cose - C sin e 
Stefan Boltzman constant 
T = Temperature of electronics box 
S Solar Constant 
e Sun Angle with respect to zenith 
p (e)/s 
p (e) = Internal power 'dissipation (including GFU 
heater power) 
The coeffic ients A, B, and C have the units of ft2 --a:na.-are 
--
determined from an average curve fit to the lunar surface 
temperature data. The internal power dissipation is consid-
, ered constant for the period _60° ~ e ~ 60° at a value of 
3.5 watts and to vary linearly from 3.5 watts to 5.8 watts 
for the periods -120 ~ e ~ -60 and 60 ~ e ~ 120 . The 
period for a lunar day and night is assumed to be 29 1/2 
earth days and lunar sunset for the first day was assmued 
to occur at 1545 GMT on December 3, 1969. 
For the period of November 27 to December 2, 1969 a total 
of 12 temperature data points were used to mtain a solution 
of equation (1) and the average values of the coefficients 
A, Band C were determined to be 0 . 167 ft2, 0 . 067 ft2 and 
0.003 ft2 , respectively.--The solution of equation (1) far 
~--
(1) 
I 
these coefficients and the lunar surface tem~eratures 
during the first lunar day are ~resented in Figure 2-9 
as a function of the sun angle e and GMT. 
Solution of the thermal network presented in Figure 1 for 
the electronics temperature and comparison with equation (1) 
yields the following relationships between the coefficients 
A, B, and C and the thermal parameters of the five-node 
model. 
A = 
B = 
C 
K1 - Ki22 - !\i3 2 
.--- ~ 
~ -- ~ 
IS, 4 = Ri2~ K13~4 
1<2 1<; 
Ri3Ch = 00003 f~ 
Kg 
= 0.167 ft;a 
= 0.067 ft2 
I 
'--
I 
L. 
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'- I 
k3s- \?3 =: C3 S ~.A1/ e 
t . 6 3 ::: 0<'3 A3 
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Figure 2-8~ . Five-Node LSM ThermalRadiation Model 
F
igure 2-9~ 
T
em
perature 
of LSM
 E
lectronics Box 
.
 
1. 
-
-
~
 
~ ~ 
~
 
~~ 
~ 
'" 
J .
 
~
 
~
 
() 
.
.
.
.
.
.
.
 
() 
cv 
J\)~ 
\ij ~" 
~ 
-~~ 
"
 
\IS 
~ \b 
~ 
\)~ 
\)~ 
<;) 
.
.
.
.
.
 
fti 
~
 
.
.
.
.
.
.
 
~ 
m
 
~
 
~~ 
t\\ 
~ ~ 
I , 
I 
.
-
-
-
I I 
! 
I 
:
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
I 
' ~
 
.
1 
/ 
1 
-----:~---~r_--~1t---
i 
,
 -li-----r----~J .
 
.
 
I 
.
 
i 
i 
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
 j 
_; 
_
_
 .
 
_
_
_
_
 
L _
_
_
_
_
 
' 
_
_
_
_
 
.I 
-J / I 
'
,
1
1 
-
-
,
 1--/o/--1~--~ 
·
;
-
-
-
-r-i--+---_
 
-
! I 
I 
I 
j 
"
 
-
,
 
r-----+~i-
--~------~----+I------I~----+----I~·~-----~~ 
k 
i 
i
' 
L.---J--l\~----1-------!... _
_
_
 
-+
-1
 -_----'I~ _
 _L_~! ---L_.-_~ ~ 
-~ 
~ 
~ 
~ 
g 
~ 
~ 
0 
?
o
 
r 
-;i'Cln-L V
'c!2dW
;JJ.. 
n
.d9 
-
-
/ 
l 1 
I. 
For the condition after lunar sunset 90 ~ e ~ 270, the 
coefficients Band C of equation (1) are zero . Assuming 
a maximum heater power dissipation of 2 . 3 watts (80% 
J heater duty cycle), the coefficient A is determined to 
be 0 . 35 ft2 for a minimum temperature of -40°C as measured 
on the lunar surface during lunar night . 
I n order to deduce the performance of the LSM with dust , 
the equation for the coefficient B, can be examined to 
relate absorbed heat flux to the radiation conductance 
of the insulation blanket . Values of IS. 3 , 1<; 4 and ~5 
can be determined based on design analysis and development 
tests of the LSM. The conductance Ki2 can be expressed 
as a function of the coefficient B and the absorbed heat 
flux terms Ki41 'and G.a. Presented in Figure 2-10 is the 
solution of Kt2 for the parameters OJ. and ~ . The range 
of CY:a is fixed between 0.18 and 1 . 0 , which represents the 
solar of absorptance of clean white paint and lunar dust , 
respectively. The term 01 is the effective absorptance of 
the PHA for emitted lunar infrared radiation. For a clean 
PHA the effective absorptance has a value of 0 . 05 and 
~ can increase to a maximum of 1 . 0 with complete dust 
coverage of the parabolic surface and the radiator surface . 
The analysis assumes that the radiator emits at the 
temperature of the electronics box and the surface of the 
reflector is adiabatic . The design ?f the reflector in-
corporates rigid foam insulation between the reflector 
surface and electronics box, thus , the adiabatic assumption 
is realistic (see Fig. 2-11) . The effective absorptance 
and e~ittance, as a function of the reflector emittance , 
is shown in Figure 2-12. The effective emittance decreases 
with increasing reflector emittance and the effective 
absorptance increases . 
1 
I' 
The data pre~nted in Figure 2-10 represents and relation-
ship between the measured LSM performance on the lunar 
surface and the possible degradation due to the presence 
of dust . Any point on Figure 2-10 represents a solution 
of the coefficient B of equat ion (1) . For a nominal value 
of Eiaof 0 . 06 ft2 (deduced from LSM tests) and, assuming 
the PRA is not contaminated with dust and has an initial 
effective absorptance (al ) of 0 . 05, require that the top 
outer surface of the insulation blanket have an average 
solar absorptance of 0 . 6 (Refer to Point 1 on Figure 2-
10) . To obtain an average surface absorptance of 0 . 6 from a 
white surface with an initial solar absorptance of 0 . 18 would 
require that approximately 50% of the surface be covered 
with dust. 
The other LSM surface susceptible to dust contamination is 
the reflector surfaces of the PRA. Point 2 on Figure 2-10 
represents the nominal value of Kla and clean white paint 
o~ the top of the electronics box with an initial absorp-
tance of O .~~ -To sat~sfy the -e~~tion for the solution 
of the coefficient B = 0.067 fta requires 'that the effective 
absorptance of the PRA be degraded to a final value of 0 . 12 . 
o 
Assuming a specular surface (7 = 0) would require that the 
reflector emittance equal 0 . 60 or more than 55% of the six 
reflectors in the PRA covered with dust . 
From the results of the analysis it is not conclusive as 
to the direct cause of the high temperatures of LSM while 
deployed on the lunar surface . It has been shown that 
either dust on the top of the insulation blanket or dust 
on the reflectors of the PHA could be the cause . However , 
review of the photographs of the deployed LSM confirms that 
the top insulation blanket is cover ed with dust . The .fact 
that the PHA is protected with a dust cover until the LSM is 
resting on the deployed legs on the Tlinar surface , as 
previously mentioned, favors the PRA being free of the 
large amounts of dust required to degrade the temperature 
performance of the LSM. 
The three LSM sensors are also operating at higher tem-
peratures than experienced during testing at Bendix . The 
temperature of the sensor housing is representative of the 
sensor temperature above the thermostated set point of 40°C . 
By performing a simple heat balance on an individual sensor 
housing, the high temperatures of the sensors can also be 
attributed to dust . The effective absorptance of the white 
paint would have to increase from an initial value of 0 . 18 
to 0. 52 to bring the sensor temperature to 77°C, as reach-
ed at noon on the lunar surface . Prior to deployment the 
sensor housings are in close proximity to the tol> of the 
electronics box and could have achieved the same level of 
contamination (-50 % coverage ) as the electronics box. 
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Absorptance (01,). 
I 
.' I 
J 
J . 
! . 
0.3 I-----~-
! 
j 
I ; 
0,2, 
I : I to;. /.0 ; i 
i I fl . :lt4. 
--!C
1
. )1= 10-'-· ... ~ l-=-o·~~ I ' , .---1 
1 
i i , ~ 
I "/ j 7t
i
' - • T ~"'-'------ -'-'-----1 t~ ~ . 
(J, I _ --::::::::==-:----=' --'-----+-' - , .. ' -i - ~. f ---I 
! 
o ~-----+I~----~----~~----~ ______ ~ ______ L-____ ~ 
() 0,,/ 0,2, , 0.3 
i 
I 
I 
f 
Figure 2-12 -- Effective Optical Properties For AD. 
. . ' I 
Adiabatic PM Enclosure. I 
i' j 
·f . 
-.., 
\ 
1 
2.3 CORRECTIVE ACTION 
In order to reduce the temperature range of -40°C to +70°C 
~xperienced by LSM#6 electronics, the following corrective 
action is necessary. 
Sunshade and Dust Protection 
The sunshade, when properly deployed, will reduce the peak 
temperatures reached at high sun angles. This is accompli-
shed by minimizing the solar illumination of the electronics 
during the lunar noon time period. The thermal performance 
of LSM #6 electronics was degraded because of the effect 
of dust on the exterior surface of the electronics. The 
dust caused an increase in the solar absorptance of the 
white paint on the electronics temperatures in the presence 
of dust conditions during lunar day pea~ periods but will 
not affect lunar night temperatures. 
The sunshade i"s assembled to the instrument by tying it to 
the X and Y arms just below the hinge. It is folded neatly 
during stowage and deployed when the LSM is placed on the 
surface of the moon. Detailed step-by-step instructions 
including photographs regarding installation, stowage and 
deployment are provided in NASA/ARC document D13-120A, 
UInstallation Stowage and Deployment Procedure of Sunshade 
I 
for the Lunar ,Surface Magnetometer;' dtd. 3 February 19700 
Details of the sunshade are shown on ARC drawing A13594-D2 
and assembly details are shown on drawing A-13594-Dl, both 
of which hav-e b~~n pre~iously submitted. 
The need for much improved dust protection during ALSEP de-
ployment on the lunar surface is clear from the conclusions 
of Section 2.2.1. Implementatim of this need will be taken 
up in Section 2.4.3. 
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and the change in duty cycle resulted from a series of 
studies and tests whose overall objec-tive was to raise 
the LSM lunar night operating temperatures. The follow-
ing constraints were imposed in achieving this objective: 
a. No change in sensor head temperature (no change in 
effective sensor heating) 
b. Limi tation of 450 ma in LSM peak current demand. 
c. No change in related circuitry. 
The resulting test data has shown the following benefits 
from the changes. Assuming a Central Station output 
voltage of approximately 29 volts: 
a. The additional heater module combined with current 
-reduction associated with the longer duty cycle 
increases peak worst case instrument current 
(during site survey) from 399 rna to 428 ma and 
increases instrument power (heaters on during site 
survey) by 0.74 watts internally and by 0.84 watts 
at the Central Station. The increased power and charge 
in duty cycle together result in a net increase equiv-
alent to 1.4 watts dissipated within the electronics. 
The effect of this increased heat dissipation is an 
increase of approximately 14°c in electronics 
operating temperature during lunar night. 
I 
b. The addit~on of 82 ohms seri~s SAT resistance in each 
/ 
sensor heater circuit causes the heater duty cycle to 
increase from 80% - ON and 20% - OFF to 95% - ON and 
5% - OFF. The 82 ohms series resistances increase 
internal heat dissipation by a total of approxima~eIy---
- -------- ---
0.17 watts and reduce LSM peak currents approximately 
7 mae 
l 
c. No changes have been made in the sensor head or 
engineering data electronics or other module 
circuitry. 
An examination of the test data, schematics and equi-
valent circuits illustrate these improvements. See 
attached Heating Summary, Heater Schematics, and Heater 
Equivalent Circuits. 
HEATING SUMMARY 
EFFECTIVE HEATJN G (ELECT/ GFU) - WATTS EFFECTIVE HEATING (SENSOR HEAD) - WATTS 
LSM Addition of Duty Cycle Duty Cycle Combined 
Input Prior Module A Increase Combined Prior Increase (Includes Module A & Duty 
Voltage Only Only Only Cycle Increase) 
..... ... (80%-95%) 
-
-." 
25.0 1.54 " 2.29 1.83 2.88 1.59 1.62 1.62 
26.0 1.67 2.49 1.98 3.11 1.72 1.75 1.75 
27.0 1.79 2.67 2.13 3.34 1.86 1.88 1.88 
28.0 1093 2.87 2.29 3.60 2.00 2.02 2.02 
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FTotection From Lunar Dust 
The largest contributing cause of the high temperature 
encountered by LSM #6 during lunar day was the presence 
of dust as noted in Section 2.2 . Whatever means necessary 
to preclude the accumulation of lunar dust on the surfaces 
of the EGFU and of the sensors must be incorporated in the 
ALSEP and LSM systems for Apollo 15 and 16. 
2. 4 
2. 4. 1 
J 
J 
J 
Implementation and Test Validation 
Sunshade 
LSM #4 PIA tests at Bendix and LSM#7 acceptance tests at 
Philco-Ford have been conducted with the sunshade in place . 
The Bendix tests were uneventful . The LSM#7 acceptance 
tests revealed the following useful information regarding 
the sunshade . 
The vibration tests demonstrated that the sunshade in its 
" folded and stowed location within the folded arms remains 
" firmly fixed in position. There was no measurable t_~@eIlGY ___ _ _ 
toward movement in any direction . 
Thermal vacuum tests revealed the importance of preventing 
greatly excessive sag in the sunshade , when tying it to the 
arms during" initial assembly. As installed, the sunshade 
could be viewed by the PRA reflector surfaces .and the 
total design reduction in the electronics system equilibrium 
temperature during simulated lunar day could not be realized . 
A slight change in the sunshade corner configuration will 
correct this deficiency. 
The present thermal control surface on top of the EGFU is 
. highly IR absorbing . --Wh~le~h_~ sunshade effectively lowers 
peak temperatures if any dust is present on top of the 
EGFU, in the complete absence of dust , the peak temperatures 
are already reduced and the beneficial effect of the sun-
shade itself will be considerably less . To enhance the 
temperature benefit to be derived from the sunshade for 
the dust free case, the possibility of a change to a 
highly reflective top EGFU surface is being studied . 
• 
A proposed plan is being submitted for a longer term study 
of means of gaining additional reductions in instrument 
operating temperature range. The considerable additional 
reductions sought would greatly enhance long term reliability 
and the means to be taken under consideration would be 
l~ited to those which are without effect on interfaces 
and which areretrOfitta~i~ ~n~ the field • 
I. 
1 
I 
I 
2 . 4 . 2 Implementation - Additional Power Dissipation 
The addition of the heater module and the increase in 
duty cycle have been implemented in LSM #7 . Qualification 
test of the heater module has been accomplished per the 
attached Philco-Ford procedure SK 179954 . Operational 
tests of complete instruments have been conducted with 
heater modules installed on both LSM #4 and LSM #7 . 
The increase :in duty cycle is desirable on LSM #4 to en-
able the resulting 7°C temperature increase during lunar 
night . However the change will not be implemented unless 
for some other reason LSM #4 is returned from Bendix to 
the instrument ' s contractor facility. 
If the additional heater module is approved byMSC, both 
changes will be implemented on LSM#3 . 
The forthcoming re-acceptance test of LSM #7 will be 
conducted with both changes implemented as above . 
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1.0 SCOPE 
2.0 
2.1 
3.0 
3.1 
This docwnent details test requirements and procedures for 
qualification testing at LSM 2 Watt Heater Module Assembly 
part number 39-173954-01. 
APPLICABLE DOCUMENT 
Drawings 
Phi1co 
39-173954 
39-173957 
29-173170 
REQUIREMENTS 
Heater Assembly 
A&B 
GFU Assembly 
General.- Qualification test requirements shall include random 
vibration and temperature. 
4.0 QUALITY ASSURANCE PROVISIONS 
OF '] 
4.1 General.- Prior to beginning Qualification testing, the heater 
assembly shall have passed all applicable in-process tests, and 
shall conform to applicable drawings other than as documented 
and approved by a Material Review Board. 
4.2 Order of Testing.- Qualification tests shall be run in the 
following sequence: 
4.3 
a) 
b) 
c) 
d) 
e) 
f) 
g) 
h) 
Initial Room Ambient Functional Test 
Operational test at -50oe 
Operational test at +3Soe 
Survival test at +8SoC 
Non operate test at +12SoC 
Room Amblent Functi,onal 
Vibration (Non-Operate) 
Room Ambient Functional 
Cal.~J?!,~!:ion.- All test and environmental equipment shall have 
evidence of current calibration prior to the start of any Qualifica-
tion test sequence. 
J W 0 L - 26 7 ~)C (I 2 -- 6 <) ) 
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4.4 Tolerance.- The following test tolerances are allowable: 
4.5 
I .... 6 
4.7 
4.7.1 
a) Temperature 1) below OoC: +OoC 
-5 
b) 
c) 
Vibration 
VOltage} 
Current 
2) above OoC: +SOC 
-0 
NOTE: The non operate test at +125 0 C 
shall be 
+OoC 
-5 
1) Level: + 3 db (25 Hz or less filter 
bandwidth analysis) 
2) Frequency: + 5% 
3) Time: + 5 seconds 
4) Random Vibration RMS: + 5% 
Failure During Test.- In the event of a failure to meet any of 
the enclosed test requirements, the test shall be in~ediately 
stopped and decision made by the cognizant engineer(s) together 
with customer and/or DCASO to conti.nue testing, after no t ing the 
discrepancy, or to correct the discrepancy_ If an election is 
made to correct the discrepancy the test sequence shall be 
repeated in its entirety or continued at the failure point at 
the option of the cognizant engineer(s) and/or customer/DCASO. 
Documentation.- Data taken du.ring the performance of the Qualifi-
cation test shall be entered on appropriate data sheets. Data 
sheets as a minimum shall contain the test requirement, data, 
date, technician taking the data, whether data acceptable or 
unacceptable and QC verification. All recorded data shall be in 
black ink. Erroneus entries shall be struck through with a 
single line an.d the correct entry made adjacent to the erroneous 
one. 
Test Procedure.-
Initial Ambient Functional.-
a) 
b) 
c) 
d) 
Bond module A and B to a plate per dwg. 29-173170 bonding reqts. 
Connect module assembly as shown in Figure 1. 
Apply power and adjust power supply to 26.5 ± 0.1 volts. 
Verify input current is less than one milliampere. 
J WDL-26 7 9C ( 12 - 69) 
J 
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4.1.1 Initial Ambient Functional.- (Continued) 
4.7.2 
4.7.3 
4.7.4 
4.7.S 
WDL-2679C ( 12 -69) 
e) Short E3 to El on module 39-173954. 
f) Verify input current increases to a value between 70 + 5 
milliamperes. 
g) Measure the voltage drop between E2 and El on module 
39-173954. Verify that the voltage is less than 0.15 
volts dc. 
h) Record all data on Table I" 
0 Operational Tests at -50 C 0 and +35 c. 
a) Install heater module assembly in a suitable temperature 
b) 
c) 
d) 
e) 
chamber. 
Connect module assembly as shown in Figure I. Make 
provisions for doing steps e ~ and g. of above paragraph 
external to chamber. 0 
Reduce chamber temperature to -SO C. Maintain the tempera-
ture for a minimum of one hour before taking data. 
Repeat steps 4.7.1 c • through h • 
Repeat for +350 C. 
Survival Test at +850 C. 
a) Refer to paragraph '+.7.2 except that the step 4.7.1 - d 
limit shall be less than t,,'o milliamperes. 
Non-Operate test at +1250 C 
a) With power removed, raise chamber temperature to +125 0 C. 
Maintain for four hours~ 
Vibration 
a) Vibrate the two modules in each of three mutually perpen-
dicular axis <as shown in Figure 2) to the levels indicated 
below for a period of five minutes per axis. 
Axis 
Frequency Powe; Density 
Ran?L~. GL/Hz 
x 10-65 9 db/octave increase 
65-1S00 .06 
1500-2000 12 db/octave decre.ase 
y 10-50 6 db/octave increase 
50-800 .05 
800-2000 9 db/octave decrease 
z 10-200 3 db/octave increase 
200-1500 .04 
1500-2000 12 db/octave decrease 
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Dust Protection Imple-menta tion 
The -degradation of' the thermal surfaces from dust on the 
Apollo 12 LSM instrument created higher than anticipated 
temperatures in both the electronics and at the sensorso 
Temperatures reached maxima of 75°C at these key 
locations , which was approximately 30°C warmer than cal-
culated. 
It is understood that Bendix Aerospace has been directed 
to provide improved dust protection for all instruments . 
This is particularly desirable for the LSM Electronics , 
which is severely exposed to dust during handling and 
transporting of the ALSEP. Because of the difficulty in 
providing suitable dust protection for the LSM electronics 
in the stowed configuration and because of the consideration 
that such protection will now be designed and provided by 
Bendix, ARC has directed all of its attention to the 
relatively simpler problem of protecting the outer portions 
of the arms and the sensor heads from dirt acquired 
during handling of these parts during deployment . 
A tubular dust cover, shown on the acc:ompa~~_~ng ARC 
drawings A-13594-D3 and A-13594 ~D4, has been designed 
and 24 are being fabircated . The covers fit loosely 
over the sensors , extend down the arm for a distance 
approximately one inch short of the hinge line , and are 
to be removed by the astronauts after the arms are de -
ployed and further handling of the arms is unnecessary. 
The covers will be clearly marked "Remove Af'ter Deployment" . 
( 
I ~ I o I' <t: 
Tests of the dust covers have demonstrated that there is 
no. interference with stowage of the arms . Vibration 
(Acceptance level) tests of LSM #7 were conducted with 
the covers installed and no effects were noted . Because 
of the failure of the IC in the LSM #7 engineering data 
electronics module, this vibration test will be repeated 
with the dust covers again in place . 
Three dust covers of the final configuration are being 
furnished for evaluation by MSC . Approval of this 
addition to flight instruments #4, #7, and #3 is being 
requested in time for inclusion of the covers during 
forthcoming (July) flight acceptance tests of LSM #4 at 
Bendix Aerospace . 
Again it is emphasized that the covers only can have an 
effect on sensor temperatures . Improved ALSEP dust protection 
is necessary to obtain required control over electronic 
temperature. This is required, even with the instrument 
sunshade in place, as shown in the attached thermal 
analysis . (See Philco-Ford Memo SD & D4 - l05 , March 11, 
1970 and SD & D4-122, April 30 , 1970 . ) 
2. 4.4 PRAs 
LSM_ ~~at reject~on surface ~ have been designed _ __ _ 
for ease of closure, individually, depending upon thermal 
requirements, location of landing site, etc . The PRAs provide 
the primary path for escape of the internal heat of the 
instrument during lunar night as well as lunar day. Re -
ferring to the thermal analysis , closure of one PRA opening 
will have the effect of increasing night time electronics 
temperature 7°C . The increase in day time temperature 
is less and may even be negligible at other than equatorial 
sites . 
The LSM #4 anticipated landing s i te is llo south of the 
. equator o In consideration of this~ocation, t ne-Iowest 
1 
I 
opening on the North side of the instrument has 
been covered with reflecting tape . The effect of this 
closure will be - to moderate night time temperatures , with 
littl e penalty during the day at this sun angle . 
With an anticipated landing site 14° north of the 
equator for LSM #7, the lowest PRA opening on the 
opposite side of the instrument will be definitely covered 
with the possibility of covering the lower two openings . 
The effect of closure of the PRAs along with the heaters 
discussed below is to increase the margin between the 
electronics operating temperature and the region below -30°C 
at which digital filter operation is unreliable . A further 
and equally importa.nt effect is their contribution to the 
reduction of the overall instrument temperature excursion 
discussed above . 
Infra Company 
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LSM Analytical Thermal Model and Lunar Data Correlation 
An analytical thermal model was derived in order to correlate the temperature 
data of the LSM presently crerating on the lunar surface and also to predict 
temperature performance of future LSM's for which design modifications are 
presently in progress. A five-node analytical model was developed and cor-
relates within ±20 C between lunar data and preflight test data. The in-
creased temperature performance experienced by LSH Unit #6 (Apollo 12) is 
'attributed to dust on either the PRA's or on the outer insulation surface 
on the top of the GFU. From visual examination of pictures of the deployed 
L5M on the lunar surface it can be concluded that the high temperature per-
formance of the unit is attributed to dust on the insulation surfaces of the 
GFU and on control surfaces of the three sensors. 
DISCUSSION OF ANALYSES 
The operational design temperature limits of the LSM are +6SoC to -30°c as 
deployed on the lunar surface. The initial thermal design proposed for 
L5M consisted of sunshades to be deployed by the astronauts. Based on a 
requirement to operate with complete dust coverage on all exterior surfaces 
the temperatures of the LSM were just at the design temperature limits of 
+6SoC and -300 C and no temperature design margin existed. Based on early 
data from the Surveyor Program and thence upon direction by NASA/ARC, the 
LSM thermal design was changed to a PRA (Parabolic Reflector Array) for the 
GFU (Gimbal Flip Unit) and an unshaded horizontal radiator surface painted 
white (low solar absorptance) for the sensors. 
With no dust on exterior surfaces and with 1 watt heater power for each of 
the three sensors the temperatures of the sensors can be maintained at a 
temperature of 40°C ± SoC. The GFU temperature with no dust was determined 
from tests at Bendix to be a maximum of +47oC and a minimum of -41oC during 
sirr~lated lunar day and night, respectively. 
During the first lunar day LSM Unit 416 experienced maximum temperatures of 
77.SoC on the X axis sensor and 75°C on the electronics (70°C for EGFU). 
In order to correlate temperature data experienced on the lunar surface 
/, s-. ( 
1 
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SD&D4-105 
with preflight test data a five-node analytical therm.:tl model was derived. 
The model and associated network is shown in Figure 1. 
The temperature data for the GFU for the period of November 24 through 
December 4 can be fit to a cu rve represented by the follO\ving equation: 
where r/= Stefan Boltzman constant 
T = Temperature of GFU 
S = Solar Constant 
Q = Sun Angle ,;.,ith respect to zenith 
p (6) = Internal power dissipation (including GFU heater power) 
The coefficients A, B, and C have the units of ft2 and are determined from an 
average curve fit to the lunar surface temperature data. The internal power 
dissipation is considered constant for the period _600 ~ 9 ~ 600 at a value 
of 3.5 vlatts and to vary linearly from 3.5 watts to 5.8 watts for the periods 
-120 ~ 9 ~ -60 and 60 ~ a ~ 120. The period for a lunar day and night is 
assumed to be 29~ earth days and lunar sunset for the first day was assumed to 
occur at 1545 GMT on December 3, 1969. 
1 For the period of November 27 to December 2, 1969 a total of 12 GFU temperature 
( 1) 
data points were used to obtain a. solution of equation (1) an2 the averate values 
of the c~efficients A, Band C were determined to be 0.167 ft J 0.067 ft and 
0.003 ft ,respectively. The solution of equation (1) for these coefficients 
and the lunar surface temperatures during tre first lunar day are presented in 
Figure 2 as a function of the sun angle e and GMT. 
Solution of the thermal network presented in Figure 1 for the GFU temperature 
and comparison with equation (1) yields the following relationships bet\"een the 
coefficients A, B, and C and the thermal parameters of the five-node model. 
A = Kl - K122 K132 ft2 ::: 0.167 
K2 IS 
B = ~4 = K12G2 K13IS4 ft2 = 0.067 
~ IS 
c = K13G3 = 0.003 ft
2 
IS 
/ J 
J 
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For the condition after lunar Slffiset 90~9 -!:270, the coefficients Band C 
of equation (1) are zero. Assuming a maximum heater power dissipation of 
2.3 ~.J'at~s (80% heater duty cycle), the coeffigient A is determined to be 
0.35 ft for a minimum GFU temperature of -40 C as measured on the lunar 
surface during lunar night . 
In order to deduce the performance of the LSM with dust, one can examine the 
equation for the coefficient B, which relates. absorbed heat fluxes to the 
radiation conductances of the insulation blanket. Value3 of K13 , IS4 and K35 can be determined based on design analysis, development 
tests and acceptance tests of the LSM equipped with the PRA. Then the 
radiation conductance K12 can be expressed as a functi.on of the coefficient 
B and the absorbed heat flux terms K141 and G2 . p~esented in Figure 3 is the 
solution of K12 for the parameters 0< 1 . and 0< 2· The range of ex 2 
is fixed bet\.J'een 0.28 and 1.0 which represents the solar of absorptance 
of clean white paint and lunar dust, respectively. The term 0(1 is the 
effective absorptance of the PRA's for lunar emitted infrared energy. 
For a clean PRA as manufactured, the effective absorptance has a value of 0.05 
and can increase to a maxirr~m of 1.0 based on complete dust coverage of the 
parabolic surface and the , radiator surface. 
Two analytical models of the PRA were considered in order to 'determine the 
relationships between actual surface properties, lunar dust and the effective 
absorptance and emittance of the PRA. A pictorial description of the PRA 
and definition of surface properties and effective surfaces are shown in 
Figure 4 ~ 
The first analytical model of the PRA assumed an isothermal radiator and 
reflector which both emit energy at the temperature of the GFU. For this model 
the effective absorptance and emittance are sho~m in Figure 5, as a function of 
the reflector emittance. Both the effective absorptance and emittance of the 
PRA increase with increasing reflector emittance and approach a value of unity 
as the reflector emittance goes to 1.0, typical of complete dust coverage. 
The other case considered for the PRA assumed that the radiator emits at the 
temperature of the GFU but that the surface of the reflector is adiabatic. 
For the design of the reflect or with rigid foam insulation bet'\.;een the reflector 
surface and GFU, the adiabatic case is probably rr~re realistic. The effective 
absorptance and emittance as a function of the reflector emittance for the 
adiabatic case is shown in Figure 6. The effective emittance decreases with 
increaSing reflector emittance ?nd the effective absorptance increases. 
~--.. ----- ------- ,._- -- , --- -::==:..:.:..::-.~--:-.- -- . - . 
I 
I 
j 
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DISCUSSION OF'RESULTS 
The data presented in Figure 3 represents the relationship bet~veen the measured 
LSM perfo~2nce on the lunar surface and the possible degradation due to the 
presence of dust. Any point on Figure 3 represents a solution of the coefficient 
B of equat'ion (1). For a nominal value of ~2 of 0.06 ft 2 (deduced from LSM 
perform3nce during acceptance tests) and assuming the PRA is not con tam-
itlat:d with dust and has an initial effect~ve abs~rptance (0(1) of 0.05 would 
requ~re that the top outer surface of the ~nsulatl.on blanket nave an average 
solar absorptance of 0.6 (Refer to Point 1 on Figure 3). In order to obtain 
an average surface absorptance of 0.6 from an originally white surface ~vith an 
initial solar absorptance of 0.18, would require that approxi~3tely 50% of the 
surface be coverid with dust. 
The other LSM surface susceptible to dust contamination is the reflector sur-
faces of the PRA. Point 2 on Figure 3 represents the nominal value of RI2 
and clean white paint with an initial absorptance of 0.18. In order 2 
to satisfy the equation for the solution of the coefficient B = 0.067 ft 
would require that the effect absorptance of the PRAbe degraded to a final value 
of 0.12. Assuming the adiabatic reflector case (Figure 6) and a purely specular 
surface (1= 0) would require that the reflector emittance equal 0.60 or more 
than 55%.of the six reflectors in the PRA covered with dust. For the isothermal 
case (Figure 5), although not the most realistic, the same degradation in per-
fornance could be obtained for a reflector emittance of only 0.12 and this 
condition could be obtained with less than 10% of the reflector area covered 
with dust. 
CONCLUSION 
The temperature performance during lunar day of the GFU can be represented by a 
cosine and sine function as sh~wn in Figure 2 and equation (1). The curve fit 
of equati~n (1) and the measured temperature data for LSM Unit #6 is within 
o · ~ +2 C for the period (0 - 9 560) when no heater pmver is required for the GFU. 
From the resul ts of this analysis it is not conclusive as to the direct cause of 
the high temperature performance of LSM Unit #6 while deployed on the lunar 
surface. It has been shown th& either dust on the top of the GFU insulation 
blan..T.cet (painted ~vhite) or dust on the reflectors of the PRA could be the 
cause of the high temperatures experienced at lunar noon (9 = 0). Review of 
the photographs rrade of the deployed LSM by the astronauts would confirm that the 
top insulation blanket is covered wi,th dust. Also the fact that the PRA is 
protected with a dust cover untf1 the LSM is resting on the deployed legs on the 
lunar surface would be in the favor of the PRA being free of large amounts of 
dust as required to degrade the temperature performance of the LSM. 
/ J 
1-
I 
J 
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Sufficient time during this study was not available to perform a detailed inves-
tigation that would provide causes or reasons why the three LSH sensors are also 
operating at higher temperatures (7SoC) than experienced during testing at either 
Philco-Ford or Bendix. Assuming that the temperature of the control surface is 
representative of the temperatures of the sensors measured on the lunar surface, 
then the high temperatures of the sensors can also be attributed to dust on the 
white paint. The effective absorptance of the white paint ~.;ould have to increase 
from an initial value of 0.18 to 0.52 to account for a sensor temperature of 77. SoC 
as measured on the lunar surface for the X-axis sensor of LSM Unit :/;6 during 
the first lunar day (1347 GMI', Nov. 26,1969) -and again on the second lunar day 
(1400 GMT Dec~ 26, 1969) at noon (9 = 0) when the sun is directly overhead. 
c. A. Zierman " 
Supervisor, Thermal Technology 
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To: J. F. Bates 
From: 
Subject: 
SUHMARY 
.. 
c. A .. Zierman 
Temperature Performance of LSM Units 
Considering Alternate Design Changes. 
The high temperatures experienced by LSN Unit i~6 at lunar noon have been attri-
buted to dust on critical thermal control surfaces of the LSM. In order to 
m~n~m1ze the lunar day temperature and also to increase the temperature during 
lunar night, several design changes have been considered for future LSM's to 
be deployed on the lunar surface. 
The objective of this report is to summarize the improved temperature perform-
ance that can be realized from each of the design changes or for combinations 
of design changes. The changes that have been considered are listed as follows": 
1) 
2) 
3) 
4) 
5) 
6) 
Minimize ·dust by use of protective covers to be removed by 
astronauts before and after deployment of the LSB • 
Increase heater power to the electronics and gimbal flip unit 
(EGFU) of the LSM. 
Block the parabolic reflector array (PRA) located on the EGFU. 
Provide an EGFU sunshade. 
Consider ·the combination of 1, 2,3 and 4 of the above design 
changes. 
f 
Consider the deployment ~f LSMat 11° South latitude. 
\ . 
The range of temperature performance for the present LSM thermal design is 
47°C to -40oC for EGFU and 49+SoC for each of the three sensors provided no 
dust is present. For Unit #6 deployed on the lunar surfage by thg astronauts 
of Apollo 12, the temperature of the EGFU ranged from -40 C to 70 C and for 
the sensors 35°C to 77°C . Considering the optimum design changes for future 
LSM units, th.e resul ts of the present study have sha;"n that the range 8f 
te~peratures of the LSM SO bS experienced on the lunar surface are -23 C to 
54 C for the EGFU and 40 C±5 C for the sensors. 
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DISCUSSION 
The present thermal design of the LSM is sensitive to the presence of dust 
on critical thermal control surfaces. This fact has been dramatically 
demonstrated by the data received from the lunar surface for LSM Unit #6 
and sUbstantiated by post-flight analysis (References 1 and 2). In order 
to improve the thermal design of future LSM units and to cope with the 
presence of dust, several design changes have been considered. The object-
ive of this r~port is to summarize the temperature performance of t1e LSM 
considering each of these design ~hanges separately and in specific combin-
ations. As a basis of comparison the present thermal performance of the 
LSM without dust is considered as a baseline. 
The baseline thermal design is divided into two specific and independent 
areas of the LSH; (1) the sensor thermal design and (2) . the EGFU thermal 
design. 
SENSOR THERHAL DESIGN 
The sensor temperature is thermostatically controlled both during lunar day 
and lunar night. Each of the three sensors is equipped with a 1 w'att heater, 
a horizontal thermal control surface, and an insulation enclosure. The hori-
zontal contlrol st1;rface is painted Hhite to reduce the absorbed solar heat flux. 
For a solar absorptance of 0.20 (S13G white paint), the thermal control sur-
·.face will reach a maximum lunar day temperature of -IOoe and for set point 
temperature of 40°C, heater pOvler is required even at lunar noon. The thermal 
conductance bet\veen the cont rol surface and tre sensor and the insulat ion 
around the sensor housing are designed to minimize the heater pow'er required 
to maintain the sensor temp erature at the set point du ring lunar night. 
The temperature and the derrand for heater pmver of the three sensors can be 
controlled from a thermistor located on either the X or the Y sensor. For 
the baseline thermal des ian the temperature of. tle three sensors can be main-
tained between 3SoC to 45 C. For LSH Uni t tJ6, temperatures over the range of 
+35 to 77°C were experienced. The high temperature was attributed to lunar 
dust present on the thermal control surfaces of the three sensors. For an 
effective solar absorptance 'of greater than 0.4, the thermal control surface is 
at a temperature greater than th~ set point of the thermostatic controller and 
the temperature of the sensot.is no longer maintained constant. 
No design change is feasible for the present LSM configuration that will com-
pensate for the lunar dust on the control surface of the sensors. It has been 
suggested that dus t covers (baggies) be removed by the astronauts after deploy-
O'ment of the unit has been completed. Then the LSH sensors should operate 
. within the temperature limits of 40oC±50 C. 
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EGFU THE&~L DESIGN 
I . 
Three components provide thermal control for the EGFU: (1) the PRA which 
are oriented radiator surfaces, (2) insulation with the exterior surface 
painted white (S13G, 0( = 0.2), and (3) heater pmver 'tvhich is turned on 
s 
and-off as de~2nded for a temperature control of the sensors. The PRA and 
exterior of the insulation are sensitive to dust as discussed in Reference 
1. 
Temperature control of the EGFU can be maintained betv7een -40°C and 47°C 
with the baseline thermal control system of the EGFU • . For Unit 116 the 
presence of dust caused the temperature to increase to 700 e during lunar 
day. In order to minimize the effect of dust on the LSM and improve the 
EGFU temperature perforw2nce several design changes have been considered. 
In the following paragraphs each of the design changes is briefly discussed 
and the improved temperature perforwance is presented. The predicted per-
formance is based on appropriate revisions to the thermal model presented in 
Re ference 1. 
~GFU DESIGN CONSIDERATIONS 
1) Protective Dust Covers - The use of protective covers on the EGFU 
would-essentially preserve the baseline design of the EGFU and the tempera-
ture range would be independent of dust. 
2) Jncrease Heater Power - The maximum beater capacity to the EGFU is 
2.8 watts and is controlled by the thermostats of the sensors. For the 
present design the maximum duty cycle is 80% on and 20% off during lunar 
night. An increase in heater capacity of 2.0 watts or a total heater capacity 
of 4.8 watts has been considered. Because the thermal control of the sensors 
is independent of the EGFU, the duty cycle \o[ould remain 80% on and 20% off 
during lunar night. The increase in heater power dissipation will increase 
lunar night temperatures of the EGFU and should not affect lunar day tem-
peratures. 
3) Block PPA The PRA is made up of' six sets of separate reflectors and 
radiators. By blocking any number of the six, with insulation, the effective 
radi2ting area of the PRA can be decreased. Blocking of a portion of PRA 
will increase both the lunar day and lunar night temperatures of the EGFU. 
4) EGFU Sunshade - The th~rmal performance of LSM Unit #6 was degraded 
due to an increase in the solar absorptance of the white paint on the 
exterior surface of the EGFU insulation. By supporting a sunshade above 
the EGFU direct solar illumination of the EGFU can be minimized around lunar 
noon. Therefore, should 'dust be present on future LSM units to be deployed 
on the lunar surface, the effect on temperature 'tvould not be as severe as 
for Unit #6. Even without dust present the sunshade will reduce the tempera-
ture during the lunar day. The sunshade will not affect the lunar night 
tempera tu res. 
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5) . Deployment of LSM at 11° South Latitude.- The thermal subsystem 
on the LSM is designed for deployment within ±5° of the lunar equator. 
Deployment at points outside these limits and without any design modifica-
tions would increase lunar day temperatures. It is possible to increase the 
PRA sunshades to accommodate deployment at locations as far as 200 from the 
lunar equator without degrading the baseline thermal performance. Also the 
incorgoration of the sunshade described in 4) above would a1101· deployment 
at 11 South latitude, without a significant change in thermal performance 
I 
of the LSM. ; 
EGFU TEMPERATURE PERFORNANCE 
Studies of the thermal performance of the LSM were made for the design con-
siderations presented in the preceding section. The thermal model reported 
in Reference 1 was used for these studies. The temperature of the sensors 
and the EGFU are presented in Table 1 for lunar day and lunar night operation. 
Two lunar day temperatures are presented,. one for dust and one assuming no 
dust present. For the EGFU dust calculations an assumed solar absorptance of 
- 0.6 was used for exterior insulation surfaces. The PR~ was assumed to be free 
of dust. The control surface for the sensor was assumed to have an effective 
solar absorptance of 0.52 with dust present. The dust criteria assumed for 
these studies was developed from the post-flight analysis of LSM Unit #6 
(Re ference 1) c> 
In order to determine the maximum temperature during lunar day with the EGFU 
sunshade required performing the thermal aPBlysis at various solar elevation 
angles. The temperature of the EGFU as a function of solar elevation angle 
is presented in Figure 1 for deployment at the 110 South latitude. For no 
dust the maximum EGFU temperature occurs at lunar noon (9 = 900 ) and for 
dust present the maximum temperature occurs at approximately 3~ days before 
·0 lunar sunset (9 = 135 ). 
The temperatures presented for the EGFU are representative of the electronics 
housing and the gimbal flip unit. The electronics operate at a higher tempera-
ture of approxirrately 5°C during lunar day and approxin'ately l50 C during lunar 
night. As an example, when the EGFU temperature is -40oC at lunar night, the 
electronics are at a temperature of approximately -250 C and for an EGFU tem-
perature of 700 e during lunar 'day, the electronics are at a temperature of 
7SoC. 
CONCLUSIONS 
The des ired thermal performance of · the LSH can be, realized if the cri tical 
thermal control surfaces of the LSM can be maintained free of lunar dust. 
The sensors can be protected from exposure to lunar dust by having the 
astronauts remove a dust cover from each of the three sensors as the final 
step in the deployment sequence. The lunar dust on the EGFU can be compensated 
for .by placing a sunshade above the unit. 
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Further temperature improvements of the EGFU during lunar night can be 
accomplished by increasing the heater capacity and/or blocking a portion 
of the PRA. An increase in heater capacity of 2 watts will increase the 
EGFU temperature approxirnately1s0 c during lunar night. Also by blocking 
one-third of the PRA radiating area (2 of the 6 rows), the EGFU temperature 
is increased by approximately 90 e during lun~r night. Blocking of the PRA 
has the undesirable effect of also increasing the lunar day temperatures 
o (14 C for 1/3 of area blocked); therefore the increase in heater 
capacity is the preferred design modification to increase lunar night temper-
atures of the EGFU. 
The deployment of the LSM at a location 11° South latitude can be accommodated 
with the present thermal design by blocking the bottom rm" of the PRA on the 
north side of the EGFU. The present pp~ sunshade is designed for deployment 
about the equator within +50 latitude. By 'blccking the bottom row of the 
PRA direct sunlight will not be incident on the Imler radiator with the present 
PRA sunshade design. The high temperature experienced at a solar elevation 
angle of 1350 is due to the fact that the top of the EGFU insulation receives 
solar energy as 'tvei"i as -part ' of the PRA. In order to_ minimize solar illumina-
tion of the PR.1\. at low solar elevation angles would require side curtains on 
the PRA sunshade. 
Reference (1) 
(2) 
IRR to J. F. Bates from C. A. Zierman, '~SM Analytical 
Thermal Hodel and Lunar Data Correlation", SD&D4-l0S, 
March 11, 1970. 
''Lunar Surface Hagnetometer Design Revie\>T", Ames Research 
Center, Hoffett Field, California, Harch 23, 1970. 
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I TABLE 1. LSN TEHPERATURE PREDICTIONS 
I 
o Temperature, C 
LSM Component/Design Revisions LUnar Night Lunar Day 
SENSOR 
Baseline Design 
. EGFU WITHOUT SUNSR~DE 
Heater Pmver PRA Area 
2.8 Watts FULL 
2.8 l.Jatts 2/3 
4.8 tiatts FULL 
4.8 Watts 2/3 
_. --EGFU- HITH SUNSF.ADE 
Heater Po\Ver PRA 
4.8 l-latts 
4.8 1-1atts 
FULL 
2/3 
EGFU- ~{ITH SUNSHADE 
DEPLOYED 110 SOUTH LATITUDE 
Heater POHer PRA 
4.8 Watts 
4.8 ~latts 
. FULL 
5/6 
4O±.S-
-40 
-31'-
--25 
'-16 
-Z5: 
~16-
-25 
- 20 
Dust 
77 
70 . 
87 
70 
87 
56* 
55* 
* ~~irnum Temperature Occurs at Solar Elevation Angle of 
135°, refer to Figure 1. 
, 
\ 
;' 
No Dust 
47 
61 
47 
61 
40 
54 
41 
45 
.' .-, . ~ 
.' 
~ . . \.- . ... ~ - .. , .... - . 
," j 
. , '. "- "".',..'" :. e-=3C?.," " , .. __ .. _ . '_. __ ._. __ ..... ,~-.  -... :' . -: -.~ .. ~ ... :,. , 
,- " .... , .-:-~ .. _." ~ """--. . ... ". .,' '. -- -,._-.. . . .. . .. .. 
, ~ .~.~ ' .. -
" " .~. ,~' .~ .. " ...... -t 'H' c_,' _::~~ : . : ,_: ' ~ .,- -: (;,St/,A.lS';WtJE .... ..... ', Sc?~~~ . 
' ... J.. . 'EG,P; " ' . •... :.= ..... ' .... , ....... , . • '~ ... ,> .'. ' ' '. A ' VcCTO/f _ 
. ~~. . . . . ... , . ' , ' : ' - ~ ~ 
." .. ' . '- ~ , ' ~. . -PI?/) I.... 1 .. ' .'.::' ,.' . . . -- .. ' .. --- ., ~ 
_, ', n ' ,: - / ' f 1 .- . --..: . 
... ·r ..._ 
. 
j.'" . '-, e:: /80 . . _ ._ . " .. ' ' .. ':".' -- . '~ ~' ','-' .. "" -... . e=-o . " ... . ---~ . "'"'' . . ". ~<---
{. , 
t, 
J 
~ 
; . 
J 
1.. 
" - . - , , --.. -- .. ( .. , . - . ----- - ... " . , .. .. - . -- .-, .. , . . 
. .. .......... . .. - --. ...... -.-. - -- '-~" ......... -.-- .... ..-. -. : .. . - . ~. : -: ... .. ---...... -' ' . -, '" " _._ . ' .. . 
.. .:: -
' ._ • _. • .... " . ... • • -.'... _ . .. .. . ', ... - -. 0 ' · · - ' - .- -" _ ••• ', - .... ' ~-" ... -. .: .. . , - " - -:' AlOTE'S: 
" -..' '. - .. - -' -_. _ ... ' ... ' .. : .. ' .. . ...... - '. 
(;) Sa rR/1 
"." .' Ia 
, (2) :5: S' J.t.//9 /"/$ (/VO 
//ErJrE/<. '~Oit/c~) 
, . 
' ~ 
.. . - ... ..... ··'c 
------,-~~ . /' . , . ,\ 
I . " , .=~~ -. ·: t 
I --. '--'.-" -. "", ... --"', ......  '.. \ ,- - ',', .... · .. .. .... -.. ~ -• • • eO' ,_.. - _. __ _ _ • "" . or'. _ -30 / . . . ' ~-" , .,:,: . - . .: . ' . .. -. " -- ...•. " \ 
/0 j.. . -'~'."~- ~ ' - 'r--' : ',., .- ~ -- .. .. ---- . :~" ',-' , .. . . _ \\ 
· '.- ... .. ~ . ~ -. . . .-.,. - . - ... :::- . ." - -
. ' 
· -' • _. '-"# ' .. - - . - . -. • - • 
. . . 
. ... • ' . .. oJ _ - ... _ • ..r - . "" • . _ .... ___ _ • ~ _ .,' .. " -.- _ __ _ , _',_ 
o . 0 • - •• -. ,......, ' " - - •• • ' . • --"'-' ~. • . - . 
.-/0 
... -'.- _ .... .. - ' .. .. ~ , .. -., '" ... ,.-" . ._,. . - - - -. . .. 
:' :',:" ~- ; " : .'. : ' . . . \ 
o 2.0 ~O ~O 80 /00 /20 no /60 /80 
SOL4/f EL£t//l//O/IJ ·/}/J6LE (e); !)E6-e£ES 
J . ! 
. , 
. :-.~ ~ .""-:'''.'''~- ' ." F/6t:1/f,C..1 '. £6F,U . TC/r1~£/?H/U,eE !/E/!SVS 
.. ' .~'." : .. : : ~'. SoL/1~ CL£?//?T-;ON /!/J6-L£ ,v;f L.5/'/l PE~cJYE£J 
.. .. - _' ', ' ... ~ . . ' //C) SOU7U ,!,/JT/T?/vE /'///TH 0u/JS'/7/9i/E 
